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Interaction of vascular smooth muscle cells
and endothelial cells in atherosclerosis
on the background of metabolic syndrome

D. S. Mankovsky, N. Ya. Chuiko
Ivano-Frankivsk National Medical University

The objective: was to determine the interaction of vascular smooth muscle cells with endothelial cells in the process of
atherogenesis in the presence of metabolic syndrome.

Materials and methods. We studied the following groups: Group I — 50 patients who died as a result of complications
associated with cerebral atherosclerosis in the setting of metabolic syndrome, Group II — 50 patients who died as a
result of complications associated with cerebral atherosclerosis without a history metabolic syndrome and Group III
(comparison group) — 50 patients who died from causes unrelated to MS and AS.

For the study we used the following histological and histochemical methods: hematoxylin-eosin, Masson’s method,
Van Gieson’s method, Weigert’s method, and immunohistochemical examination using monoclonal antibodies. For
the identification of smooth muscle cells: immunocytochemical markers — Actin Smooth Muscle Ab-1 (Clone 1A4),
Vimentin Ab-2 (Clone V9), Desmin (Muscle Cell Marker Ab-1 Clone D33), immunocompetent cells - CD4 (CD4 Ab-8),
CDS8 (SP-16), CD20 (CD20 Ab-1), CD68 (CD68/Macrophage Marker Ab-4) and to determine the endothelium state,
immunocytochemical marker — CD31/PECAM-1 (Endothelial Cell Marker) Ab-1.

Results. In atherosclerotic lesions of cerebral arteries with metabolic syndrome manifestations, in the arterial wall media
a significantly higher expression of desmin was observed in smooth muscle cells (SMCs) compared to other study groups.
It should be noted that the migration of smooth muscle cells from the media and their intensive proliferation is directly
dependent on endothelial and fibroblast factors. The immunohistochemical reaction with vimentin revealed the presence
of connective tissue components and severe arterial wall fibrosis.

The expression of vimentin showed that vascular wall fibrosis increases with the progression of the underlying disease
— metabolic syndrome. We observed migration and proliferation of SMCs, endocytosis, and synthesis of connective
tissue components that actively contribute to intimae hypertrophy and atheromatous changes. As for the change in
VSMCs phenotype, they demonstrate an extremely high degree of plasticity, and this affects the loss of expression of
their contractile genes, including smooth muscle cell alpha-actin. We also noted potentiation of atherosclerotic changes
resulted from formation of less differentiated forms of smooth muscle cells.

Atherogenesis can be initiated by both certain substances, such as cholesterol and lipoproteins, and endothelial changes
— activated and damaged endothelium can participate in atherogenesis. Endothelial activation is also accompanied by the
production of cell growth factors (Sitia S. et al., 2010). We observed monocyte adhesion to the arterial endothelium, the
presence of monocytes under the endothelium their migration into the intimae with subsequent proliferation and formation
of foam cells. This indicates their important role in the development of atherosclerosis by potentiating inflammation in the
vascular wall and promoting the VSMCs phenotype transformation.

Conclusions. Changes in the phenotype of arterial intimae SMCs are accompanied by increased proliferation, and
modified SMCs, with their high activity of synthesis of extracellular connective tissue components (elastin, collagen and
glycosaminoglycans), are responsible for the formation of the plaques fibrous base. The presence of lymphocytes in the
atherosclerotic process involves interaction with macrophages, endothelial cells and SMCs. A decrease in the number
of endothelial progenitor cells, which are actively involved in the process of endothelial regeneration, contributes to the
development of atherosclerosis.
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B3aemopgia rnagkom’a30BuX KNiTUH CYAVH i eHpoTenianbHUX KNiTUH NPU aTepocKiepo3i
Ha TIi MeTabonivYHOro CUHAPOMY
4. C. MaHbkoBcbkui, H. 5. Yyiiko

Mema docnidncenns: BUSHaYNTH B3aEMOIi0 TiaikoM si3oBux kiaitue (TMK) cyaun 3 enioresialbHUMHU KIITHHAME Y TTPOTIEC
aTeporeHesy 3a HaABHOCTI METabOIYHOTO CUHAPOMY.

Mamepiaau ma memoou. Ilanientu ckiaamu Hactynni rpynu: I rpyma — 50 marienTis, siki ToMepJin BHACIIOK YCKJIaJHEHb
1epebpaibHOTO aTePOCKIIEPO3y Ha TJ1i MeTabostiuHoro cutapomy, 11 rpyna — 50 naiieHTis, IKi HOMEPJIM BHACIIIOK YCKIaJHEHb
1epebpaIbHOrO aTePOCKIEPO3y, y AKUX He OyJI0 AiarHocToBaHo MeTaboaiunuii curapoM B anamuesi 111 rpyna (rpymna mopis-
HstHHsT) — 50 MaIi€nTiB, sIKi IOMEPJIN Bijl IPUYKH, HE TTOB SI3aHUX i3 METAOOIYHIM CHHIPOMOM Ta aTEPOCKIIEPO3OM.

[l mocmipkeHHST BUKOPUCTOBYBAJIM HACTYITHI TiCTOJIOTIUHI Ta TicTOXiMiuHI MeTOMN: TeMaTOKCUITiH-e031H, MeToi MaccoHa,
meton Ban licona, metoz BeiirepTa, imyHoricToximMiuae A0C/i/pKeHHS 3 BUKOPUCTAHHAM MOHOKJIOHATbHUX aHTUTI. [lJis imeH-
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tudikarii TMK — imynonunrtoximiuni mapkepu — Actin Smooth Muscle Ab-1 (Clone 1A4), Vimentin Ab-2 (Clone V9), Desmin
(Muscle Cell Marker Ab-1 Clone D33), imynokomnerentHi kiaituaun — CD4 (CD4 Ab). -8), CD8 (SP-16), CD20 (CD20
Ab-1), CD68 (CD68/mapkep makpodaris Ab-4) Ta jist BUSHAUYEHHS CTaHy eHI0Teit0 iMyHouToXiMiunmii Mmapkep — CD31/
PECAM-1 (mapkep eHporemianbiux KaitTun) Ab-1.

Pezyavmamu. [Ipu atepoCKIEPOTUYHNX YPAKEHHIX epeOpabHUX apTepill 3a HagBHOCTI 03HAK MeTabOJIiuHOrO CUHIPOMY B
M’5130Bii1 000JIOHIL apTepiajibHOI CTIHKU CriocTepiranacs 0CToBIipHO Olibiia ekcipecis gecminy B TMK nopiBHsiHO 3 iHIIMMuU
rpynamu gocaikernst. Coix sazmaunTi, mo mirpaiis MK i3 M’s130B0i 060/10HK] Ta iX iHTeHcHBHA MTpoJTidepaltist 6e31mocepeHbo
3aJIeKaTh Bijl eHaoTesianbHuX i hibpodaacTHIX (hakTopiB. IMyHOTICTOXIMIYHA PeaKIlist 3 BIMEHTMHOM BUSABHJIA HASBHICTh KOMIIO-
HEHTIB CIIOJIYYHOI TKAHUHU Ta BUPaKeHuil (hibpo3 aprepiaibHOT CTIHKM.

Excrpecist BimenTHHy nokasasa, mo $hi6épos cyJMHHOT CTIHKM MOCUIIIOETHCS 3 POTPECYBAHHSAM OCHOBHOTO 3aXBOPIOBAHHST —
MeTaboTiuHOTO cunapoMy. Mu Bigznadanm mirparmiio ta mposidepariito TMK, erfonmTos Ta cuaTe3 KOMIOHEHTIB CIOTYIHOT
TKaHWHU, 9Ki aKTUBHO CIPUAIOTh Tineptpodii inTuMu Ta arepomato3uum 3minam. 1o crocyerses aminn penornmry VSMCs,
TO BOHU JIEMOHCTPYIOTH HaJ[3BUYAITHO BUCOKUII CTYIiHD IJIACTUYHOCTI, 1110 BIUIMBAE HAa BTPATY eKcIpecii IXHiX CKOPOTIMBUX
TeHiB, BKJIOYAOUN aab(a-akTUH IJIaJKOM I30BUX KIITUH. TakoX MM BifI3HAYaIM MOTEHIIIOBAHHS aTePOCKIECPOTHYHNX 3MiH
YHACJIi/IOK yTBOpeHHs MeHI qudepeniiitoannx hopm ITMK.

Areporenes Moske OyTu iHiiioBaHuil SIK IEBHUME PEYOBMHAMM, TAKUMH SIK XOJIECTEPUH i JIIOIPOTEIHM, TaK i 3MiHAMU €H/I0-
TesTiio — B aTeporenesi Moske GPaTH yYacTh aKTHBOBAHWI i TIOTTKOKEHUH €HA0TE M. AKTHBAIlIST €HIOTETII0 TAKOK CYTPOBO-
JUKYETBCSI IPOAYKILiE€ kiaiTunHux (hakropis pocty (Sitia S. et al., 2010). Mu criocrepiranu aaresito MOHOIUTIB [0 EHIOTEII0
apTepiii, HASBHICTh MOHOIIUTIB ITiJ] €HI0TEJTiEM, IXHIO MIiTPaIliio B iHTUMY 3 TIOZAJIBIIOI0 TIPOJTi(hepallie€io Ta yTBOPEHHSIM MiHuC-
Tux kiaitnH. [e Bkadye Ha iXHIO BaXKIMBY POJTh Y PO3BUTKY aTepPOCKIEPO3Y MIJISIXOM TTOTCHIITOBAHHS 3alalleHHs B CYANHHIHT
cTinni Ta cipusiHHA Tpancdopmarii penorury VSMC.

Bucnoexu. 3minu denorumy 'MK apTepianbHoi iHTUMU CyTPOBOKYIOTHCST TTOCHIIEHOTO TIpoJticpeparttieio, a MoaudikoBaHi
I'MK 3 BHCOKOT0 aKTHBHICTIO CHHTE3Yy KOMITOHEHTIB MO3aKJIiTHHHOI CHOJyYHOI TKAaHWHM (€JIaCTUHY, KOJIareHy Ta IJTiKo3aMiHo-
ruiKaHiB) BigmosinawoTh 3a hopmyBanHs GibposHoi ocHOBY GusiioK. [TpucyTHicTb JiMGBOIUTIB B ATEPOCKIEPOTHYHOMY [1PO-
Teci mepeGavae B3aEMoIiio 3 Makpodaramu, eHaoTeianbHuMu KritnHamMu Ta MK, 3MeHIen st KiIbKOCTI eHI0TeaaIbHIX
KJITUH-TIOTIEPEIHUKIB, sIKi GEPYyTh AKTUBHY YYacTh y IPOIIECi pereHepallii €H0Tei0, CIPUSE PO3BUTKY aTEPOCKJIEPO3Y.
Kmouoei crosa: endomeniil, endomenianvii Kiimuni, 2Aa0KoM 13061 KMy Cyoun, iMyHoKoMnemenmi Kiimunu, memaooiu-

HULl CUHOPOM, AMEPOCKAEPO3.

Today, the metabolic syndrome (MS) is one of the most
important medical and social problems in the world
and in Ukraine in particular. Ukraine is considered to be
a country with a high risk of cardiovascular diseases. For
several decades, mortality due to CVD has been ranked
second in the structure of overall mortality. The main
metabolic syndrome manifestations are disorders of car-
bohydrate and fat metabolism, as well as abnormalities in
mechanisms of blood pressure regulation and endothelial
function, the main cause of which is a decrease in tissue
sensitivity to insulin.

It is believed that metabolic syndrome is a quite com-
plicated but reversible condition [1, 2]. Its uniqueness lies
in the fact that it is possible to reduce its manifestations
by influencing one of the components, since there is of-
ten a cause-and-effect link between them. The main mor-
phological substrate of arterial lesions in the metabolic
syndrome is atherosclerosis (AS), the morphogenesis of
which is currently under-investigated [4—6].

In recent years, the onset and development of AS has
been considered in terms of monoclonal proliferation of
smooth muscle cells (SMC) and changes in the endothe-
lium. The endothelial barrier is believed to play an active
role in atherosclerotic plaque development by regulating
endothelial permeability and by local secretion of vasoac-
tive mediators [5, 7, 20, 21]. While actively denying the
role of mechanical endothelial damage, it is proposed to
rely on changes in endothelial permeability and vascular
wall cell proliferation [5].

Arterial smooth muscle cells comprise more than 90%
of all atherosclerotic plaque cells and are present in the
preatherosclerotic arterial intimae starting from the intra-
uterine period [10]. The identification of lipid-enriched
smooth muscle cells (SMCs) in atherosclerotic vascular
plaques raised initial questions about vascular cell identity
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and plasticity, i.e., modulation of cellular phenotype and
function [10, 14]. However, there is uncertainty as to which
cells in atherosclerotic lesions are derived from smooth
muscle cells and which from macrophages, mainly due to
the lack of clear studies regarding their origin [10, 11, 14].

Local infiltration by macrophages in atherosclerotic
lesions areas is often combined with T-lymphocytes ac-
cumulation, indicating the inflammatory nature of the
process [16, 19]. Subsequently, a number of studies have
shown that in atherosclerotic vascular plaques were found
smooth muscle cells actively expressing major histocom-
patibility loci class IT antigens. These activation proteins
are characteristic of T-lymphocytes and macrophages and
are involved in the receptor transmission of immune in-
formation, indicating the ability of SMCs to participate in
immune reactions in AS. In addition, smooth muscle cell
proliferation may be beneficial throughout atherogenesis,
even though smooth muscle cell-derived macrophage-like
cells may promote inflammation [10, 12, 17].

The objective: was to determine the interaction of
vascular smooth muscle cells with endothelial cells in the
process of atherogenesis in the presence of metabolic syn-
drome.

MATERIALS AND METHODS

To achieve this goal, we carry out a set of clinical and
morphological studies.

Sample size: 150 cases.

In the course of works we studied the following groups:

Group I — 50 patients who died as a result of complica-
tions associated with cerebral atherosclerosis in the set-
ting of metabolic syndrome,

Group I1 — 50 patients who died as a result of compli-
cations associated with cerebral atherosclerosis without a
history metabolic syndrome,
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Group III (comparison group) — 50 patients who died
from causes unrelated to MS and AS.

We studied the carotid and extracerebral arteries, de-
macroscopically detected atherosclerotic changes in the
vessel walls, and in the comparison group we studied un-
affected areas of the vessels.

The following histological and histochemical methods
were used for the study: haematoxylin-eosin, Masson’s
method, Van Gieson’s method, Weigert’s method, and
immunohistochemical examination using monoclonal an-
tibodies. For the identification of smooth muscle cells: im-
munocytochemical markers — Actin Smooth Muscle Ab-1
(Clone 1A4), Vimentin Ab-2 (CloneV9), Desmin (Muscle
Cell Marker Ab-1 CloneD33), immunocompetent cells —
CD4 (CD4 Ab-8), CD8 (SP-16), CD20 (CD20 Ab-1),
CD68 (CD68/Macrophage Marker Ab-4) and immuno-
cytochemical marker — CD31/PECAM-1 (Endothelial
Cell Marker) Ab-1 to determine the endothelium state.

The results of immunohistochemical reactions of im-
munocompetent cell markers CD4 (T-helper), CD8 (T-
suppressor), CD20 (B-lymphocyte) and CD68 (macro-
phage) were evaluated under a microscope at 400 magnifi-
cation by counting positively stained cells in 10 randomly
selected fields of view. The results of immunohistochemi-
cal reactions of mesenchymal cells markers and their de-
rivatives, smooth muscle cells, fibroblasts and endothelial
cells were evaluated as the specific volume of positively
stained cells per unit area.

The results of immunohistochemical reactions were
evaluated by the semi-quantitative method in points from
0 to 6 according to the generally accepted method, tak-
ing into account stained cells, where 0 points — no stain-
ing, 1 point — up to 10% staining, 2 points — up to 20%, 3
points — up to 30%, 4 points — up to 40%, 5 points — up
to 50%, 6 points — more than 50% cell staining. The de-
gree of staining intensity was also assessed, where 0 is no
staining, 1 (+) is a weak light brown staining, 2 (++) is
a moderate brown staining, and 3 (+++) is a pronounced
dark brown staining. Histological examination and micro-
sections’ photography were performed using an AxioScop
40 microscope (Zeiss).

Blood vessels contain two main types of cells: en-
dothelial cells (ECs) and vascular smooth muscle cells
(VSMCs). Each of them performs an important function
in maintaining vascular homeostasis. EC-VSMC commu-
nication is important not only for the development but
also for the homeostasis of mature blood vessels, and their
abnormal interaction can contribute to atherogenesis.

In the study groups with atherosclerosis manifesta-
tions, we observed manifestations in the form of lipid spots,
fibrous plaques, calcification, stenosis, and obliteration.

The most pronounced changes were observed in the
areas of functional vascular load — arterial bifurcation.
There was a predominance of stenotic and obliterating
variants of the main vessels lesions, with inner lining hy-
perplasia with diffuse-focal lymphocyte-macrophage infil-
tration (Fig. 1).

In areas of intimae proliferation on the periphery of
atheromatous detritus, we detected macrophages with
lipid inclusions (xanthoma cells) with foamy cytoplasm
and round nucleus and (Fig. 2).
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Fig. 1. Significant thickening of the arterial wall with
lumen stenosing. Staining: hematoxylin-eosin, x 200
(Source: Author)

Fig. 2. Xanthoma cells in fibro-lipid plaque of an artery.
Staining: Masson’s trichrome, x 200
(Source: Author)

In the majority of arteries, wall thickening was associated
with proliferation of connective tissue fibres, mainly collagen
fibres. Collagen fibres proliferation led to arteries inner coat
thickening, causing a significant narrowing of their lumen.
Intimae smooth muscle cells intensively manifest their meta-
bolic functions by absorbing modified lipoproteins. Along-
side with lipid accumulation in foam cells and connective
tissue proliferation, we observed dystrophic changes in elas-
tic fibres, including the inner elastic membrane. The inner
elastic membrane became thinner and thus facilitated lipids
penetration into the middle membrane (Fig. 3).

It should be noted that arterial perfusion decrease is
not only due to widespread atherosclerotic lesions of the
main arteries and basilar arteries; structural changes in
small intracerebral arteries are also a manifestation of mi-
croangiopathy in diabetes mellitus, which is the metabolic
syndrome component.

The development of atherosclerotic lesions was char-
acterised by migration of smooth muscle cells into intimae
and their proliferation. In many cases, it was observed that
the collagen fibres growth reached significant sizes, with
the lumen of the vessels being completely obliterated by
fibrous hyalinised tissue without elastic fibres (Fig. 4).

Arterial smooth muscle cells (SMCs) are estimated to
account for >90% of all human atherosclerotic plaque cells
and are present in the pre-atherosclerotic arterial intimae
starting in utero [11, 12].
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Fig. 3. Thickening of the arterial wall due to collagen
fibre proliferation. Atheromatous masses deposition

on the internal elastic membrane of the artery.

Staining: van Gieson’s picrofuchsin, Weigert’s
resorcinol-fuchsin, x200

(Source: Author)

The immunohistochemical reaction with vimentin
revealed the presence of connective tissue components,
severe fibrosis of the arterial wall, fibrous plaques of
various sizes and shapes, from small segmental to circu-
lar, and sometimes multiple, which contributed to the
vascular wall sclerosis (Fig. 5).

The expression of vimentin in the wall of atheroscle-
rotic affected arteries of the study Group I constituted
57.6+3.9% (p>0.05) to the total area; in the study Group
IT-52.9+2.4% (p>0.05) and in the comparison group the
expression of vimentin constituted 50.8+7.1 (p>0.05).

In many cases, we noted the formation of longitu-
dinal folds of the vessel wall protruding into the vessel
lumen and half-narrowing it, significant changes in the
muscle layer in the form of thickening and stratification,
and intense expression of vimentin. There was a sharp
tortuosity of the inner elastic membrane. It is vimentin
that ensures the strength of cells and their resistance to
mechanical stress [12, 14]. Vimentin expression showed
that vascular wall fibrosis increases with the progres-
sion of the underlying disease, i.e. MS.

The changes in the inner elastic membrane consisted
in stratification, loosening and increase of its tortuosity.
The most significant changes were observed in the edge
of the inner elastic membrane on the intimae side, while
the edge adjacent to the middle membrane was preserved.

Intense expression of alpha-actin was observed in
the intimae and media cells. In the study Group I it con-
stituted 64.1+£5.4% (p>0.05), in the study Group II —
56.7£3.9% (p>0.05) (Fig. 6). In the comparison group
the expression constituted 53.9+6.1% (p>0.05).

However, in some areas, complete lysis of the inner
elastic membrane was observed, which led to intense
lipid penetration.

We found desmin deposition in the smooth muscle
cells of the inner coating and its absence in the intimae
cells (Fig. 7). We also noted intimae thickening with
the fibrous plaque formation, which was due to the
smooth muscle cells proliferation and connective tissue
elements hyperproduction.
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Fig. 4. Cerebral artery hyalinosis.
Staining: haematoxylin-eosin, x400
(Source: Author)

Fig. 5. Intense expression of the Vimentin Ab-2 marker
in the arterial wall Staining: immunohistochemical
technique with primary antibodies of Vimentin Ab-2
positive cells, x 200

(Source: Author)

Fig. 6. Intense expression of Actin Smooth Muscle Ab-1
marker in the arterial wall with metabolic syndrome
manifestations. Staining: inmunohistochemical technique
with primary antibodies of Actin Smooth Muscle Ab-1
positive cells, x 200

(Source: Author)
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Fig. 7. Expression of Desmin marker in the arterial wall.
Staining: immunohistochemical technique with primary
antibodies of Desmin positive cells. x400

(Source: Author)

In quantitative terms, in the group of patients with
MS, the desmin expression constituted 15.1£4.2%
(p>0.05); in the study Group II, the expression consti-
tuted 13.5%£2.9% (p>0.05).

The initial link in autoimmune reactions occurring
in the vascular wall in atherosclerosis is the formation
of modified low-density lipoprotein (LDLs) under the
influence of various factors [2, 3, 15]. Modified LDLs ac-
tivate cells of haematogenous origin — monocytes, mac-
rophages, lymphocytes that migrate to the arterial inti-
mae, and vascular wall cells — endothelial cells, stellate
cells and smooth muscle cells, which cause reactions that
maintain the focus of inflammation in the arterial wall
(7,9, 23].

A significant number of CD68 positive cells with
marker expression in the cytoplasm was noted in the
areas of atheromatous changes (Fig. 8). In the study
group with MS manifestations, the expression consti-
tuted 18.92+1.37 (p>0.05), in the group without MS
manifestations, the expression constituted 15.73+1.36
(p>0.05). In the comparison group, the number of
CD68 positive cells constituted 6.49£1.57 (p>0.05).

b ~ N

Fig. 9. Intense expression of GD4 marker in the arterial
wall. Staining: immunohistochemical technique with
primary antibodies of CD4 positive cells, x400

(Source: Author)
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Fig. 8. Intense expression of the CD68 marker in the
arterial wall. Staining: imnmunohistochemical technique
with primary antibodies of CD68 positive cells, <400
(Source: Author)

We detected accumulation of blood monocytes in the
damaged endothelial layer and subendothelial space, fol-
lowed by their transformation into macrophages, lipid
uptake; the cytoplasm became foamy, i.e. foamy cells
were formed. However, recent studies have shown that
40% of foam cells in common human coronary artery le-
sions express both the SMCs alpha-actin marker and the
macrophage CD68 marker, although it is unclear wheth-
er these are SMC-derived cells with activated macro-
phage markers or macrophages with activated SMC
markers (Allahverdian et al., 2014). A number of studies
have shown that smooth muscle cells actively expressing
major histocompatibility complex class II antigens are
found in atherosclerotic vascular plaques.

These activation proteins are characteristic of T-
lymphocytes and macrophages and are involved in the
receptor transmission of immune information, indicat-
ing the ability of SMCs to participate in immune reac-
tions in AS [8, 11, 12, 21].

The inflammatory nature of the process is evidenced
by the presence of T-lymphocytes and focal infiltration
with macrophages in areas of atheromatous changes.

Fig. 10. Intense expression of CD8 marker in the arterial
wall. Staining: immunohistochemical technique with
primary antibodies of CD8 positive cells, x400

(Source: Author)
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Fig. 11. Intense expression of CD31 marker

in the arterial endothelium of a patient with
atherosclerosis in the settings of metabolic syndrome.
Staining: immunohistochemical technique with primary
antibodies of CD31 positive cells, x 400

(Source: Author)

In the areas of atherosclerotic lesions formation, CD4
positive cells were observed — helper T-lymphocytes,
whose expression constituted 13.15£1.26 (p>0.05) in
Group I and 11.43+1.27 (p>0.05) in Group II (Fig. 9).
The expression of the CD8 marker in T suppressor lym-
phocytes constituted 7.93+1.17 (p>0.05) and 8.11+1.36
(p>0.05), respectively, in the study groups (Fig. 10).

Abnormal heterotypic cell communication can cause
vascular defects. The main evidence supporting this
notion is that endothelial dysfunction, a well-defined
pathological state of the endothelium, underlies vascu-
lar disorders in atherosclerosis, hypertension, hyper-
cholesterolaemia and diabetes [3, 5, 7]. The endothe-
lium of the cerebral vessels in AS acquires structural
changes. In many cases, it was noted that the endothe-
lial cells were sharply elongated, the cell thickness was
very small, and the nuclei were flattened. In the ves-
sels lumen, there was an accumulation of desquamated
apoptotic endothelial cells, as indicated by their intense
expression (Fig. 11).

Immunopositivity of the CD31 marker was ob-
served in the cytoplasm and cell membrane In the study
Groupl we detected uneven deposition of antigen in the
endothelium — 3.7£0.2 (p>0.05) points.

Immunohistochemical studies have shown that
there is a close relationship between structural changes
in endothelial cells and intimae damage. The endothe-
lium functions are aimed at regulating permeability and
adapting to the triggering factors effects. The CD31
marker immunopositivity in the arterial walls ranged
from moderate with uneven antigen deposition to focal
high immunopositivity, which was combined with its
complete absence in large areas.

Under physiological conditions, the endothelium
has low proliferative activity, mainly due to its own el-
ements through amitotic division of endothelial cells.
It is capable of maintaining the continuity of the cell
layer through intact cells migration and division [7, 11,
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20, 22]. Thus, de-endothelialisation caused by a patho-
logical condition triggers the process of reparative re-
generation and violation of this process, most often in
atherogenesis, leads to pathological regeneration, when
in de-endothelialised areas of the vascular wall, prolif-
eration of subordinate smooth muscle cells occurs with
the formation of myointimal thickenings — atheroma
predecessors [20, 21, 23].

Thus, the complex structure of an atherosclerotic
plaque reflects the complex cellular and extracellular
environment, as well as the close interconnection be-
tween all cellular components of the vascular wall. Tt
has been determined that the VSMCs role is an additive
effect of these processes and may change during athero-
genesis, and inhibition of changes in the SMC pheno-
type may be useful in advanced atherosclerosis.

These results may become a therapeutic target for
more effective clinical treatment of atherosclerosis as a
structural basis of cerebral arterial lesions in MS. An
important goal for future research is to identify fac-
tors and mechanisms that may contribute to beneficial
changes in the SMCs phenotype and processes that can
either enhance or replace antiatherosclerotic therapy,
which is currently not effective enough.

CONCLUSIONS

1. Intensive immunohistochemical reaction of the
Desmin marker in the arterial wall indicates the ability
of phenotypic transformation of SMCs, which is an im-
portant feature of the underlying disease and a decisive
link of atherosclerosis pathogenesis.

2. The presence of lymphocytes in the atheroscle-
rotic process involves interaction with macrophages,
endothelial cells and SMCs. Lymphocytes potentiate
the activation of macrophages and SMCs in the foci of
atheromatous changes and subsequent atheromatous
plaque formation through cellular and humoral immune
responses.

3. A decrease in the number of endothelial progeni-
tor cells, which are actively involved in endothelial re-
generation, contributes to the development of athero-
sclerosis. The severity of endothelial dysfunction is of
prognostic significance for atherogenesis.

4. Changes in the phenotype of arterial intimae
SMCs are accompanied by increased proliferation and
synthesis of collagen, elastin, and glycosaminoglycans,
and modified SMCs are responsible for the formation of
the plaques fibrous base.

5. The lipid-enriched and inflammatory environ-
ment of plaques induces phenotypic switching of SMCs
to both beneficial and harmful phenotypes. Macrophage
heterogeneity increases with disease severity to a vari-
ety of proinflammatory and anti-inflammatory activa-
tion states. These vascular cell phenotypes are determi-
nants of plaque structure stability.

6. There is no significant difference in the infiltra-
tion of the vascular wall with immunocompetent cells
in terms of their number and nature depending on the
manifestations of MS, which indicates that vascular
changes morphogenesis is determined by the underly-
ing disease.
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